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Abstract 
The objectives of this study are to prepare and characterize the cellulose fibers from coconut husk and banana peels. 
Two different methods for isolation of cellulose from coconut husk and banana peels were studied. Isolation by the 
delignification by 1.3% sodium chlorite followed by alkali (10 & 17.5% NaOH) gave cellulose yields 73-74% 
cellulose for coconut and 39-40% for banana peels. Treatment with 80% acetic and 70% & 40% nitric acid yielded 
about 67-77% of cellulose for coconut husk and 34-35% for banana peels. The pure cellulose fibres (Whatman 
No.1) used for preparation on cellulose nanocrystal suspension was done using the maceration procedures with 
hydrogen peroxide and acetic acid (I: I, v/v) in 70°C for several days. Both cellulose fibers and nanocrystal 
suspension were characterized using FfIR-spectroscopy, CHN elemental analyzer, SEM, TEM and Optical 
microscope. 
Key words : Cellulose fibers, cellulose nanocrsytals, acid hydrolysis 
Abstrak 
Tujuan kerja ini dijalankan adalah untuk menyediakan dan memerhati ciri-ciri gentian selulosa dan kristal-nano 
hasil daripada sampel hampas kelapa dan juga kulit pisang. Dua kaedah yallg berlainan digunakan untuk 
mengekstrak selulose daripada sampel. Pemisahan dengna menggunakan 1.3% sodium chlorite diikuti dengan 
alkali (10 & 17.5% NaOH) untuk menyah lignin memberikan hasil selulosa sebanyak 73-74% (hampas kelapa) dan 
39-40% (kulit pisang). Rawatan dengan asid asetil 80% dan asid nitric 70 & 40% menghasilkall kira-kira 67-77% 
selulose daripada hampas kelapa dan 34-35% daripada kulit pisang. Gentian selulosa yang tulen (daripada kertas 
turas Whatman No.1) digunakan untuk menghasilkan ampaian kristal nano selulosa disediakan dengan proses 
maceration menggunakan hidrogen peroksida dan asid asetik (1:1, v/v) dalam suhu 7(fC selama beberapa hari. 
Ciri-ciri gentiall selulosa dan juga ampaian kristal nano boleh dikenal pasti dengan alat-alat seperti FTlR, analisis 
CHN, SEM, TEM, dan mikroskop optik. 
Kata Kunci: Gelllian selulosa, nano kristal selulosa, asid hidrolisis 
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Nanoparticles or nanometer-sized structures are used widely and very important in 
advanced technologies, such as particles/molecules separation and catalytic conversion (Hao Jin 
et ai., 2003). According to Tang et ai. (2003), nanostructured materials are materials that has the 
characteristic length scale of a few nanometers (typically l-lOOnm). 
Nanoparticles can be prepared from natural resources, like biopolymers, a class of 
polymer produced by living organism. For example, cellulose, the most abundant and easily 
found biopolymer on Earth which has the formula of (C6H IO0 5)n, and exist as an organic 
compound which usually found within the cell wall of green plant. Different nanoparticles differ 
in their characteristics. The physical properties of the particles depend much on their structures 
(Nabok, 2003). Nabok (2003) stated that, the structural study has several levels, and normally 
starts with the determination and investigation of the morphology of the material surfaces which 
are closely related to their inl'lane ordering. 
Natural resources wastes usually have been discarded without the investigation of their 
benefits that are potentially useful for both food and non-food applications. Besides, the 
uncontrolled disposal of these natural waste materials can cause serious environmental pollution. 
Cellulo e chains are organized into crystalline micro fibrils surrounded by a non-cellulosic matrix 
(Zuluaga et ai., 2007). Cellulose can be extracted from lignocellulosic waste materials which are 
cheap and abundant. Zuluaga et ai. (2007), reported that several processes can be used to extract 
high-purified microfibrils from the cell wall which are generally based on successive chemical 
and mechanical treatments. Coconut husk and banana peels are the examples of suitable 
-

lignocellulosic resources that are normally being discarded. The extraction could be done using 
the bleaching treatment with sodium chlorite to degrade lignin while sodium hydroxide is used to 
solubil ize pectins and hemicelluloses (Zuluaga et al., 2007; Dufresne et al., 1997, 2000). The 
extraction of cellulose from any lignocellulosic wastes materials can help to reduce the 
environmental pollution by reducing the waste disposal, as stated by Sanchez (2003), banana 
peels were just treated as unnecessary wastes but the use of cellulose from banana peels would 
actually partly solve the problem of waste disposal. 
Many studies and research have been done to investigate the benefits and potential 
applications for these natural waste materials. The development of utilization technology plays 
an important role in increased utilization of natural resources for potential food or non-food and 
any other application. Cellulose microfibrils can have many potential applications, for example, 
improvement in the mechanical properties of starch plastics and other polymers with the addition 
of low concentration of cellulose microfibrils (arts et al., 2005). In the mid-1990s, it was 
reported for "all-{)rganic" nanocomposites that are based on polymers reinforced with cellulose 
nanocrystals. By dispering the crystalline cellulose needles in a copolymer acrylate latex film, its 
dynamic storage modulus increased by more than three fold (Favier et al., 1995; arts et al., 
2005). As reported by arts et al. (2005), the cellulose-derived composite lies in the fact that the 
axial Young 's modulus of the basic cellulose crystalline is potentially "stronger than steel", and 
has the characteristics of Kevlar. However, there are still lack of feasible method that has been 
put forth to take full advantage (arts et al., 2005) by the potential applications of these cellulose 
nanocrystals . According to arts et al. (2005), cellulose microfibres derived from different 
sources had some different reinforcement effect which could be due to their differences in their 




In order to determine the characteristics of nanoparticles prepared from biopolymers, 
cellulose or cellulose fibers will be extracted from coconut husk and banana peel. The cellulose 
nanocrystals would be prepared from the Whatman filter paper. Nanocrystals from cellulose is 
obtained from different sources may have different characteristics so the characterization of these 
nanocrystals has to be conducted to investigate their morphology, sizes, physical appearances 
and etc. The morphology and structural characteristics of the isolated cellulose fibers and 
cellulose nanocrystals were analyzed by scanning electron microscope (SEM) and transmission 
electron microscope (TEM). The chemical modifications of samples after extraction and 
purification treatments were analyzed using Fourier transform infrared spectroscopy (FfIR) 
whereas the purity and carbon to hydrogen ratio of cellulose was evaluated by the CHN 
elemental analysis. 
More research and study is needed to characterize the properties and characteristics of 
cellulo e fibers and cellulose nanocrystals derived from different materials and investigate their 
potential in food and non-food applications. 
The objectives of this study include: 
• 	 To extract cellulose fibers from coconut husk and banana peels 
• 	 To prepare cellulose nanocrystals from a selected pure cellulose source of 
Whatman filter paper 





2.1 Review on nanoparticles 
A nanoparticle is a particle that is very small in size and cannot be seen by naked eyes . It 
has the characteristic of length scale of typically 1-100 nanometers (Tang and Ping Sheng, 2003), 
and often referred as clusters. Nano-, a prefix denoting a factor of 10-9 has its origin in the Greek 
nanos, meaning "dwarf' (Ozin and Arsenault, 2005). The nanoparticle research is currently an 
area of intense scientific research due to its wide variety of potential applications in biomedical, 
optical and electronic fields . 
Nanoparticles characterization is necessary to establish understanding and control of 
nanoparticles synthesis and applications. Characterization can done by using a variety of 
different techniques includes the common techniques; electron microscopy [TEM and SEM], 
atomic force microscopy [AFM], dynamic light scattering [DLS], x-ray photoelectron 
spectro copy [XPS], powder x-ray diffractometry [XRD], and Fourier transform infrared 
spectroscopy [FTIR]. 
2.2 Cellulose from coconut husk and banana peels 
Nanoparticles can be found in biopolymer, a class of polymer that is produced from 
Jiving organism. Cellulose is the most abundant renewable polymer in the world, not only it is 
found in cell wall, but it can also be synthesized by some bacteria (Ranby, 1952a; Bondeson et 
al., 2006) and animals (Herzog and Gonell, 1924; Ranby, 1952b; Bondeson et al., 2006). 
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Cellulose is the major complex carbohydrate in primary cell wall of plants and has the formula 
(C6HIOOS)n and is a semi-crystalline polymer. Chemically, cellulose is a linear natural polymer 
of anhydroglucose units linked at the one and four carbon atoms by ~--glycosidic bonds (Sun et 
al.,2003). 
The secondary cell wall of plant contains cellulose with a variety of lignin and 
hemicellulose. Lignin and cellulose are considered together and term as lignocellulose which is 
the most common biopolymers on Earth. Some animals, such as ruminants and termites can 
digest cellulose. Cellulose is not digestible by humans and often referred to as "dietary fibres" 
which act as the hydrophilic bulking agent for feces. Cellulose is the main constituent of higher 
plants, including woods, cotton, flax, hemp, jute, ramie, cereal straws, etc. (Sun et al., 2003) 
which are providing a wide range of potential nanoparticle properties. 
In this research study, the cellulose fibres will be obtained from natural resources, which 
are from coconut husk and banana peels. Coconut, Cocos nucifera L., is the most important palm 
of the wet tropics and is an integral part of the functioning of local communities (Persley, 1992). 
Persley (1992) noted that coconut tree is often referred to as the "tree of life", since almost every 
part is used to make some item of value to the village community and thus closely associated 
with its suitability in providing a supply of food, drink and shelter as well as copra, coconut oil 
and other products for local cash sale and earnings. It is also an important component of daily 
diet and a significant contributor to human nutrition, providing a source of energy and vitamins 
(Persley, 1992). Yun (2004) stated that, coconut is a tropical plant of the Arecaceae (Palmae) 
family. There are three main coconut types exist, that are tall (c. nucifera typica), dwarf (c. 
nucifera nana), and hybrid between both tall and dwarf trees (Yun, 2004). According to Yun 
(2004), coconut husk which is also known as "Kokos" of "Coco" is the seed-hair fiber that is 
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obtained from the outer shell. The coconut husk is made up of 90% of cellulose and lignin, in 
which it is an ideal material for cheap ion exchange application (Yun, 2004). 
Cellulose fibers can also be obtained from banana peelings, which carry the most 
cellulose in fruits. ··Banana" is a general term embracing a number of species or hybrids in the 
genus Musa of the family Musaceae (Morton, 1987). Morton (1987) noted that the banana plant 
is a large herb, with succulent, very juicy stem (properly ··pseudostem") which is a cylinder of 
leaf-petiole sheaths, reaching a height of 2 to 25 feet and arising from a fleshy rhizome or corm. 
The ripe banana is utilized in a multitude of ways in the human diet. Banana puree is important 
as infant food and can be canned by the addition of ascorbic acid to prevent discoloration 
(Morton, 1987). 
Banana peels contain beta sitosterol, stigmasterol, campesterol, cyclosterol, cyc1ocalenol, 
cycloartanol and 24-methylene cycloartanol, which the major constistuents are 24-methylene 
cycloartanol palmitate and an unidentified triterpene ketone (Morton, 1987). Morton (1987) also 
noted that banana have some medicinal uses, which are antifungal and antibiotics principles are 
found in the peel and pulp of fully ripe banana, in which the antibiotics can acts against 
Mycobacteria . Direct use of banana peeling to obtain cellulose is hardly possible because of the 
concentration of cellulose is low and required extraction to obtain a more concentrated amount of 
cellulose, which is by the application of combining the cellulose with acetic acid to form the 
common polymer cellulose acetate (Sanchez and Jelline, 2003). 
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2.3 Cellulose nanocrystals from selected pure cellulose sources 
As been described previously, cellulose is the most ubiquitous and abundant polymer in 
nature and its biosynthesis, chemistry and ultra structure remains in an active field of study 
(Klemm, Schmauder and Heinze, 2002; Klemm, Heublien, Fink and Bohn, 2005; Zhang et ai., 
2006). Over this past few decades, the interest in sustainability and green chemistry has lead to a 
renewed interest in novel cellulosic materials (Ragauskas et at., 2006; Zhang et ai., 2006) and 
composites (Gradwell et ai., 2004; Zhang et at., 2006) that had been derived from a variety of 
cellulosics (Samir, Alloin and Dufresne, 2005; Zhang et ai., 2006). Further synthesis of pure 
cellulose fibers, in this study which used Whatman filter paper, will lead to the formation of 
cellulose nanocrystals, which has much application on modern technologies . 
There had been some previous studies by some researchers on synthesizing and isolating 
the cellulose nanocrystals from cellulose fibers. The use of hydrochloric and sulfuric acid 
hydrolysis can produce cellulose crytallites from cellulose materials (Nickerson and Habrle, 
1947; Bondeson et ai., 2005) and Ranby (1952) and Bondeson et ai., (2005), also reported the 
preparation of cellulose whiskers from microfibrils using acid hydrolysis . Proper treatment of 
microcrystalline cellulose with sulfuric acid will not only give isolated cellulose whiskers, but 
also a negatively charged surface resulting from the esterification of hydroxyl groups by sulfate 
ions, so that the cellulose forms a stable colloids system (Marchessault et at., 1961; Favier et at., 
1995; Bondeson et ai., 2005). Acid hydrolysis is a well known process used to remove 
amorphous regions and for production of cellulose nanocrystals (Bondeson et at., 2005). 
Acid hydrolysis of cellulose fibers yields highly crystalline rodlike particles through 
selective degradation of the more accessible material and the result are of colloidal dimensions 
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cellulose nanocrystals (Viet et al., 2006). This colloid crystal displayed the optical characteristic 
of a typical chiral nematic liquid crystal (Dong et al., 1997) and also possessed certain 
polyelectrolyte properties because of some negatively charges sulfate groups were produced 
when strong sulfuric acid reacted with the hydroxyl groups of cellulose (Dong et al., 1996; Dong 
et al., 1997). The shape and size are more or less fixed by the source of the cellulose for 
microcrystalline of natural cellulose (Battista, 1975; Dong et al., 1997). 
Different precursors like cotton, wood pulp, ramie, etc., will produce different sizes of 
microcrystalHtes even under similar experimental conditions (Marchessault et al., 1961; Dong et 
al., 1997). The properties of cellulose nanocrystals for a given raw material will be affected by 
the degree of acid hydrolysis and the preparation conditions (Dong et al., 1997). This cellulose 
nanocrystals has advantages if apply to appropriate conditions. According to Orts et al., the 
promise behind cellulose~erived composites in the fact that the axial Young's modulus of the 
basic cellulose crystalline microfibril is potentially "stronger that steel" and similar to Kevlar. 
Based on the previous study by Orts et al. (2005), after the cellulose sources were ground 
in a Wiley mill to pass through 20 mesh, the individual crystallites were isolated by hydrolysis 
with the cellulose concentration of 10% (w/w) in 60% sulfuric acid at 46°C for 75 minutes. The 
hydrolysis was completed after the addition of 5-fold excess water and the isolation of the 
microfibrils by centrifugation and the repetition of the rinsing step until the pH of the suspension 
was above 5.0 (Orts et al., 2005). 
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2.4 Cellulose fibers and cellulose nanocrystals characterization 
Characterization of nanoparticles can be done by using a variety of different techniques, 
but the most common techniques are electron microscopy [TEM and SEM], atomic force 
microscopy [AFM] and Fourier transformed infrared spectroscopy [FfIR]. Electron microscopy 
is one of the traditional and well~stablished methods in surface science (Nabok, 2005). It is a 
type of microscope that uses electrons to illuminate and create an image of a specimen and has 
much higher magnification and resolving power than a light microscope. TEM and SEM can 
examine the morphology and particle sizes. SEM can be used to study samples of different 
nature and hape without any limitations (Nabok, 2005). Types of instrument also differ for 
different type of characterization, such as in structures, morphology, sizes, etc. These are such as 
FfIR that can determine the chemical structure and functional groups that can confirm the 
substance is cellulose. The atomic force microscope (AFM) can be used to determine the surface 
morphology. Moreover, different precursors (coconut husk, banana peels, etc.) will produce 
different sizes of fibres and microcrystallites even under the same experimental conditions (Dong 
et ai., 1997). 
From the previous research that Dong et aL. (1997) have done, the TEM sample was 
prepared by drying a drop of a dilute suspension C0.1 % w/v) on a carbon coated microscope 
grid. Another study that had been done by Zhang et at. (2006), a nanocrystalline cellulose 
suspension (0.03%) was prepared, scanning electron microscopy (SEM) was performed on using 
thermally-assisted field emission microscope at 3kV; samples were freeze dried and coated and 
high resolution TEM was carried out 100 kV, the samples was free-dried before TEM. Yun 
(2004) used SEM for the measurement and observation of physical characterization of the fibres 




MATERIALS AND METHODS 

3.1 Sample collection and preparation 
Coconut husk/coir fibres were collected from Kg. Raso and Kg. Selampit, Lundu as well 
as from the pasar malam and pasar minggu at Muda Jaya City and Taman Desa Wira. Banana 
peels was purchased from town around Kuching. In this study, a total of 2 bags or 3 kg weight of 
both type of samples were collected. These samples were fully dried before being grinded into 
smaller pieces or sizes (fine powder). These samples were then extracted with 2: I v/v toluene­
ethanol for 6-8 hours to remove wax and oils using the Soxhlet apparatus and then dried in oven 
at 600e. 
3.2 Isolation of Cellulose Fibers from Coconut Husk and Banana Peels 
The dried samples of coconut husk (5g) and banana peels (lOg) were first treated with 
100ml and 200ml distilled water at 70°C - 80°C for 2 hours respectively. These samples were 
delignified with 1.3% sodium chlorite in the pH range of 3.5 - 4.0, which was adjusted using 
10% acetic acid. Heating was continued for 2 hours at 70°C - 80°C. The samples were then 
filtered, and then 75ml and 150ml of 10% NaOH were added to coconut sample (5g) and banana 
peels (lOg) sample respectively. Both samples were being kept at a temperature of 20°C for 10 
hours. The residues were then washed with distilled water and 95% ethanol until no more reagent 
or excess acid left, and the samples were dried in an oven at 60°C. 
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The scheme for the cellulose isolation by the delignification with acidified sodium 
chlorite based on method reported by Sun et al. (2003) is as shown in Figure 1. 
Sample fibres (dried and grinded 
coconut huskibanana peels). 
~ 

Treat with Dr water for 2h at 70°C -
80°C, then filter 
~ 
Add 1.3% sodium chlorite at pH 




Heat the solution and samples 




Filter the sample and add 10% 




Filter the sample mixture and wash 
with Dl water and 95% ethanol. 




Figure 1: Scheme for the isolation of cellulose from delignified coconut huskibanana peels 
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For the isolation of cellulose with the 80% acetic acid and 70% nitric acid mixture, 5g of 
sample (dried coconut husk and banana peels) were placed in a conical flask. 100mi of 80% 
acetic acid and 10 ml 70% of nitric acid (w/w) were added and the flask was then closed using 
aluminium foil. It was then placed into an oil bath at a temperature of 120°C for 20 minutes. The 
flask was removed from the oil bath and cooled before 60ml distilled water was added. Once 
cooled, it was filtered and repeatedly washed with ethanol and water to remove nitric acid traces 
and extraction breakdown. The residue was dried in an oven at 60°C. Samples were analyzed in 
triplicate under the same conditions to minimize errors. The scheme based on method reported 
by Sun et al. (2003) is as shown in Figure 2. 
5g dried and grinded sample (coconut 
I husklbanana peels 1 
+ 

Mix with 100m I 80% acetic acid + lOml 70% 
nitric acid . Closed the conical flask with 
aluminium foil 
+ 




Let the flask cool, and then add 60ml Dl water 
to decant off reagent 
+ 





Sample residue is dried in oven at 60°C 
~ 
Cellulose fibres 
Figure 2: Scheme for the isolation of cellulose using the acetic acid and nitric acid mixture 
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The preparation of pure cellulose fibers from Whatman filter papers was based on 
method reported by Spearin and Isenberg (1947). The Whatman filter papers were soaked in 
water and tom to maIler pieces. The wet filter paper was then dried and grinded and was then 
soaked in a 1: 1 mixtures of hydrogen peroxide and acetic acid solution for a few days (at least 3 
days) in water bath at 70°C. The filter papers were disintegrated manually and washed after 
filtered with distilled water and ethanol to remove acid from the macerated fibers. It was then 
fully dried in an oven and the dried filter papers were grinded into fine powder. 
3.3 Preparation of Cellulose Nanocrystals 
The preparation of cellulose nanocrystals suspension from cellulose fibres were based on 
the method reported by Viet et al. (2006). The Whatman cellulose powder (5g) was hydrolyzed 
using 100mI of 64% H2S04 and 80m I of distilled water for 15 min in cold water. The suspension 
was then repeatedly centrifuged for 10 min at 10,000 rpm to remove excess acid and the 
centrifugation and washing was repeated for 3-5 times. The suspension was then sonified at 3 
min intervals for total 15 min. The scheme is shown in Figure 3. 
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